INTRODUCTION
An estimated 5.7 million people were living with HIV and AIDS in South Africa in 2009, more than in any other country (UNAIDS, 2010) . It has been shown that up to 90% of all HIV/AIDS patients contract opportunistic fungal infections (OFIs) at some point during the course of the disease and that 10 to 20% die as a direct consequence of these (Hamza et al., 2006) . Opportunistic *Corresponding author. E-mail: dgrierson@ufh.ac.za. Tel: +27 (0) 40 602 2321. Fax: +27(0)866282409. fungal infections such as mucocutaneous candidiasis, pneumocystosis, cryptococcosis, and aspergillosis are the most common AIDS-defining conditions in HIVpositive individuals (WHO, 2009) , with oral candidiasis being the earliest and most frequent infection (Reichart, 2003) . Infection with the pathogenic fungus Cryptococcus neoformans is a more serious condition that often produces pneumonia and meningitis in HIV-infected patients (Hamza et al., 2006) . Among the pathogenic fungi, the dermatophytes have the ability to invade keratinized tissues of humans and cause dermatophytosis, the most common human contagious fungal disease (Sidat et al., 2006) . Treatment of such infections is therefore one of the most important factors for the management of HIV/AIDS. It is estimated that in the Eastern Cape Province of South Africa, 21,294 adults and 1,220 children living with HIV were on antiretroviral therapy in 2006 (ECDH, 2006 . This may lower the incidence of OFIs in patients with AIDS (WHO, 2009 ). However, poverty, resistance to conventional medicine and the serious side effects associated with antiretroviral drugs are the main draw backs to the use of conventional therapies (Kisangau et al., 2007) . These factors, coupled with the severe shortage of health personnel in South Africa (Demmer, 2007) might have prompted many HIV/AIDS patients to develop coping mechanisms by adopting alternative sources of symptom management, one of which has been the use of herbal therapies (Kisangau et al., 2007) . In South Africa, there are over 3,000 species of plants which have been found to be used in traditional medicine and an estimated 200,000 indigenous traditional healers, which up to 60% of the population consult with (Van Wyk et al., 1997) . Despite the broad use of medicinal plants in South Africa, there is a dearth of knowledge regarding the use of such plants in the management of opportunistic fungal infections in HIV/AIDS patients.
The purpose of this study was to identify and document the plants that are used by traditional healers and HIV/AIDS patients in the management of opportunistic fungal infections in HIV/AIDS in the Eastern Cape, South Africa. Knowledge of these plants is very important as this can serve as leads in the discovery of new antifungal agents (Bisi-Johnson et al., 2010) . Because much of the knowledge is being lost due to not being passed on from one generation to the next, from a cultural perspective, it is important to document such knowledge for future generations (Thring and Weitz, 2006) .
MATERIALS AND METHODS

Study area
This study was carried out in the Amathole District of the Eastern Cape Province, South Africa. The Eastern Cape Province falls within the latitudes 30°00′ to 34°15′S and longitudes 22°45′ to 30°15′E (Grierson and Afolayan, 1999) . It is bounded by the sea in the East and the drier Karroo (semi-desert vegetation) in the west. The elevation ranges from sea-level to approximately 2200 m in the north of the province. The Amathole district lies at the heart of the Eastern Cape Province and presently about 1.7 million people live there (Afolayan, 2003) . The population is 91% African, 3% coloured and 5% white.
The economy of the district is dominated by Buffalo City Municipality, which comprises the coastal city of East London, King William's Town, Mdantsane and the provincial administrative capital of Bhisho. The area of the district is 23,675 square kilometres. Formal employment comes from public services (75,000 jobs), manufacturing (27,000 jobs), trade (25,000 jobs) and agriculture (17,000 jobs). The automotive industry, food processing, textiles and clothing are the major manufacturing areas, in that order (Grierson and Afolayan, 1999) .
Ethnobotanical survey
The survey was conducted from May to August 2010, and the study sites included King William's Town, Alice, Fort Beaufort and Hogsback. The survey was done through interviews with traditional healers and HIV/AIDS patients who use medicinal plants to treat fungal infections associated with HIV/AIDS. The interviews were conducted in Xhosa, the local language of the informants. The interviews were facilitated by a local field assistant and two HIVcare workers who were fluent in both Xhosa and English.
Semi-structured questionnaires were administered to traditional healers who were trained practitioners of repute (Bisi-Jobson et al., 2010) within the various communities. A non-governmental organization (HIV Hope Project) at Hogsback served as the recruitment site for AIDS patients. Exhaustive field notes were taken on the medicinal uses of the plants, following the methodology of Abassi et al. (2010) . The following data were collected for the plants that are commonly used in the treatment of opportunistic fungal infections in HIV/AIDS patients: the local name of the plant, life form, plant parts used the method of preparation and the mode of administration of the herbal remedy. In order to avoid confusion with respect to the identity of the medicinal plants, the traditional healers assisted in the collection of the medicinal plants from the wild.
Identification of medicinal plants
Identification of the collected plants specimens was done in the Department of Botany at the University of Fort Hare, South Africa, with the help of floristic works of South Africa (Dold and Cocks, 1999; Bhat and Jacobs, 1995 and Van Wyk et al., 1997) . Voucher specimens were deposited in the Griffin Herbarium of the University of Fort Hare. Further characterization of the plants and their previous reported usage was established by a literature search (Togola et al., 2005) within the online databases available in the library of the University of Fort Hare, namely Elsevier Science Direct, Springer link and Jstor.
Opportunistic fungal infections in HIV/AIDS patients
The opportunistic fungal infections considered in the present study were candidiasis (oral, vaginal and oesopharyngeal candidiasis), cryptococcal meningitis, aspergillosis and dermatophytoses in AIDS patients. During the interviews, the symptoms of the various OFIs (Table 1) (Wark, 2004; Kisangau et al., 2007; Ahmad and Khan, 2009 ) were described to the healers and AIDS patients so as to enable them to give the appropriate plant species they usually use to manage the infections. An inventory of the identified plant species was compiled and the plants were grouped according to their corresponding OFIs. Ethical approval for the study was provided by the Research Ethics Committee at the University of Fort Hare, South Africa.
RESULTS AND DISCUSSION
A total of the 123 informants (aged between 21 and 63 years) participated in the study, including 22 (21.8%) traditional healers and 101 (78.2%) HIV/AIDS patients. There were 71 (57.7%) females and 52 (42.3%) males. Only 14.3% of the respondents were above 50 years. This suggests that the legacy of the use of herbal remedy in the management of opportunistic infections in HIV/AIDS is not yet endangered in the study area Ring-like patch on the skin, skin itch and skin rash (Kisangau et al., 2007) .
Medicinal plant diversity
In this study, 33 plant species distributed in 26 families and 32 genera were identified as being used to treat one or more of the OFIs (Table 2 ). This is indicative of a considerable diversity and abundance of plant species used in the treatment of the OFIs in the study area. This could be attributed to South Africa's large floral biodiversity. South Africa is home to over 30,000 species of higher plants and 3,000 of these species have been found to be used in traditional medicine across the country (Van Wyk et al., 1997) . The most representative family was the Asphodelaceae with 4 species, followed by Asteraceae and Hypoxidaceae with 3 species each and Rutaceae with 2 species (Table 2 ). The other families had 1 species each associated with the treatment of the reported OFIs in HIV/AIDS patients. The dominance of the above families may be indicative of the presence of antifungal compounds within their plant species.
Growth form and plant parts used
Of the 33 plant species studied, 6 growth forms were identified: herb, herbaceous perennial, shrub, epiphyte, tree and robust perennial (Figure 1 ). The majority of the medicinal plants were herbs with 10 species (31%), followed by trees (9 species, 27%) and shrubs (6 species, 18%), and 1 species each (3%) for succulents, epiphyte and robust perennial. The dominance of herbs concurs with the general pattern seen in most ethnobotanical surveys. This could be attributed to the abundance and year round availability of herbs in the study area (Lulekal et al., 2008) The leaf (43%) was the most commonly utilized plant part ( Figure 2 ) followed by the root (21%), bark (15%), corm (6%), fruit (6%), rhizome (6%) and bulb (3%). The fact that the usage of roots accounts for up to 21% of all plant parts used is worthy of note as this may have a negative influence in the survival and continuity of the medicinal plants (Lulekal et al., 2008) and hence affects the sustainable utilisation of the plant species used in the treatment of the OFIs in the study area.
Preparation and administration of herbal remedy
Three different methods are used for the preparation of the medicinal plants used for the management of the OFIs in the study area. Decoction (15, 45.5%) and infusion (15, 45.5%) are the most utilised forms of preparation followed by lotion which is used for only 3 plant species (9%). Application of the medicinal plants preparations is done through 5 different routes of administration (Figure 3 ). Oral application (22, 67%) was the most frequently cited route of administration followed by topical (6, 18%), bathing (3, 9%), while applications through enema and inhalation are used for only 1 (3%) species each.
The results in Figure 4 indicate that candidiasis (oral, vaginal and oesopharyngeal) was the OFI with the highest number (19) for which medicinal plants were used, followed by aspsergillosis (8), cryptococcal meningitis (6) and dermatophytoses (6). According to the World Health Organisation (WHO, 2009), candidiasis is the most common fungal infection found in HIV/AIDS patients. Extensive oesophageal candidiasis is an AIDSdefining infection. In one prospective study, 84% of HIVinfected patients had oropharyngeal colonization by Candida species on at least one occasion, and 55% developed clinical thrush (Sangeorzan et al., 1994) .
The medicinal plants with the highest frequency of citations (Table 2) for the various OFIs were Alepidea amatymbica for both aspergillosis and cryptococcal meningitis, Hypoxis hemerocallidea for candidiasis and Gasteria bicolor for dermophytoses. The following plants were used for the treatment of two or more OFIs: A. amatymbica, Citrus limon, Allium sativum, Agathosma betulina, and H. hemerocallidea. The relatively high frequency of citation for these species in the treatment of one or more OFI may reflect the likelihood of the presence of antifungal compounds which may curtail the various OFIs (Kisangau et al., 2007) . To assess the importance of a single species, it is reasonable to state that the greater the independent citation of a particular species for the treatment of a certain illness category, the greater its cultural importance (Kisangau et al., 2007) . The medicinal plants identified in this study for the treatment of OFIs in HIV/AIDS patients have previously been cited in literature for the management of other ailments in South Africa (Table 2) . For example, Artemisia afra (Asteraceae) is a popular plant with many uses in literature, including coughs, colds, influenza, fever, headache, and inflamation (Van Wyk et al., 1997; Thring and Weitz, 2006) . A. betulina (Rutaceae) is a very popular plant used since the 17 th and 18 th centuries in the Cape to treat stomach ailments, infections of the kidney, bladder, urinary tract, rheumatism and wounds (Thring and Weitz, 2006) . Two principal African herbs used for HIV/AIDS treatment in sub-Saharan Africa include H. hemerocallidea (common name: African potato), and Sutherlandia frutescens (Mills et al., 2005) . These two herbal remedies are currently recommended by the South African Ministry of Health for HIV management. Considering the widespread use of these medicinal plants to treat various ailments (Table 1) their current use in the management of oportunistic fungal infections in HIV/AIDS patients, the presence of secondary metabolites with antifungal properties is therefore hypothesized. This is a subject of investigation in our laboratory.
Conclusion
There is a considerable diversity and abundance of plant species used in the treatment of the opportunistic fungal infections in the Amathole District of the Eastern Cape Province. The dominance of the Asphodelaceae, Hypoxidaceae and Rutaceae families may indicate the presence of antifungal compounds within their plant species. It is therefore crucial to scientifically validate the therapeutic uses and safety of these medicinal plants through photochemical screening, antifungal susceptibility tests and toxicological studies.
